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PV Module Grounding

Study Overview
• Address issues leading to field failures in module grounding
• Make recommendations to improve standards
– Achieve better grounding means
– Improve certification process for manufacturers

• Preliminary “lay‐of‐the‐land” Report (BEW) ‐ PUBLISHED 3/2011
– Survey of existing issues and experiences from stakeholders

• Accelerated Aging Study (UL) – Presented 6/2011
– Corrosion/aging evaluation using accelerated salt‐spray tests

• Final report (BEW/UL) ‐ PUBLISHED Q1/2012
– Recommended tests/methods to incorporate into standards

• Solar ABCs Webinar (BEW/UL) – Presented 7/2012
Reports and webinar presentation available on Solar ABCs website
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Applicable Standards
• UL 2703: Rack Mounting Systems and Clamping Devices for
Flat‐Plate Photovoltaic Modules and Panels
– New standard created to address PV module mounting systems
– Possible to certify individual components and panelized apparatus
– Move towards more categorical evaluation of ground means

• UL 1703: Flat‐Plate Photovoltaic Modules and Panels
– Still a primary standard affecting module grounding and devices.
– Numerous changes made by Standards Technical Panel (STP)

• UL 467: Grounding and Bonding Equipment
– General ground component testing.
– Not applicable for PV components, but informative
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Study Findings / Outcomes
• Survey revealed numerous causes of field failures
– Report includes recommendations for designers/installers

• Recommendations for enhanced current testing
– Verify integrity of components under field fault conditions
– Mirrors aspects of UL 467
– Largely added to UL 2703

• UL’s accelerated aging and corrosion resistance testing
– Dialog around implementation, interpretation of results
– Topic left open for more industry involvement

• Identified safety aspects under fault conditions, with examples
• Addendum being drafted to address proposal for corrosion
testing
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UL 1703 and 2703 Activities
• UL 1703 Changes
– Expanded definitions: factory bonding vs. field grounding
– Explicit requirements for listed components, supplied with
module(?!)
– Instructions must be evaluated by NRTL and followed for listing to
be valid

• UL 2703 – Surge of applicants for grounding and bonding
– 300 Series stainless steel passing well (16% Cr min), 400 series not
– Connections applying torque force faring better than direct force
– Varying thickness of module frame anodization catching
applicants off‐guard (device not penetrating successfully).
– Device failures generally occur in bonding resistance or short‐
circuit tests after environmental conditioning tests
– Several proposed solutions have conflict with NEC 250.8
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UL 1703 and 2703 Proposed Changes
• Eliminate requirement that all methods be included in module install
instructions
– Another step towards more generalized, categorical certifications

• 2703: Proposed statement for installation manuals:
– "This racking system may be used to ground and/or mount a PV module
compying with UL 1703 only when the specific module has been
evaluated for grounding and/or mounting in compliance with the
included instructions.“

• 1703: Proposed statement installation manuals:
– "In addition to the grounding and/or mounting methods included in
these instructions, this module may be grounded and/or mounted using
the instructions provided with a racking system in compliance with UL
Outline (Standard) 2703 where this module has been evaluated with that
racking system."
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Accelerated Aging Tests
Evaluate long‐term effectiveness of
different module grounding
methods:
1. screw/washer/nut assemblies
2. lay‐in lug assemblies
3. grounding clips

Install and age separately using:
IEC damp heat and salt mist tests
(similar to ASTM B117)
Under salt mist condition
most samples corroded severely
failed (> 10Ω) in weeks
Supported by UL, Solar ABCs, Taiwan R&D and Minister of Economic Affairs
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Accelerated Aging
Concerns & Recommendations
• IEC 60068‐2‐11 salt mist tests (similar to ASTM B117)
• Corrosion mechanisms induced by the B117 tests known differ from those
found in the field.
• Attempting to accelerate galvanic corrosion is problematic.
• IEC 61701 Ed.2: “Salt mist corrosion testing of photovoltaic (PV) modules”
–
–
–
–
–
–

Based on IEC 60068‐2‐52, widely used in the electronic component field.
Test different levels of severity depending on intended environment
Better reflects processes seen by PV modules
Sequence combines salt fog exposure followed by humidity storage
Applicable regardless of frame material.
Sequences vary by PV module technology: crystalline silicon, thin‐film, CPV
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Summary/Next Steps
• Publish addendum/proposal on corrosion
testing
• Improve UL 1703/2703 interaction
– Get more word out about the certification paths
– 2703 is the path for innovative solutions
– More involvement will shake the bugs out

• See more installations with safe, reliable and
smart grounding methods.
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